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1
TURBOCHARGER

The present disclosure relates to the subject matter dis-
closed in German application number 10 2012 101 322.5 of
Feb. 17,2012, which is incorporated herein by reference in its
entirety and for all purposes.

The invention relates to a turbocharger for a reciprocating-
piston internal combustion engine, comprising an exhaust gas
bypass path for controlling the size of the volumetric flow of
engine exhaust gas acting upon a turbine of the turbocharger,
the bypass path being provided with a bypass valve device for
controlling the size of the volumetric flow of exhaust gas
conducted through the bypass path, the bypass valve device
comprising a plate-like valve element (optionally referred to
as wastegate flap) which has a sealing surface lying in a plane
and a shaft extending away from the sealing surface, and
which is movable between an open position and a closed
position, a valve seat for the valve element, the valve seat
enclosing an exhaust gas through-opening and interacting
with the valve element sealing surface, a valve element sup-
port to which the valve element is connected by means of its
shaft so as to be movable at least in the direction perpendicu-
lar to the valve element sealing surface, a spindle which is
held rotatably in a bearing bush, and on which is arranged in
a rotationally fixed manner, on the one hand, the valve ele-
ment support and, on the other hand, a first region of an
adjusting lever, the first region of the adjusting lever extend-
ing transversely to the spindle, and an adjusting lever actuat-
ing element which is connected to a second region of the
adjusting lever so as to be pivotable relative to the adjusting
lever at least about a pivot axis parallel to the axis of the
spindle.

Such a turbocharger may be a single turbocharger, but also
a turbocharger of a multistage charger system, i.e., a system
comprising a plurality of turbochargers.

A turbocharger of the kind defined at the outset is known
and is disclosed, for example, in FIG. 1 of WO 2010/135104
A orin FIG. 1 of DE 10 2009 030 520 A.

In a turbocharger of the kind mentioned at the outset,
manufacturing tolerances of the components of the bypass
valve device, but, above all, the time-dependent temperature
changes and different temperatures of the components occur-
ring during operation unavoidably result in a certain play
occurring between the valve element and the valve element
support and also between the adjusting lever and the adjusting
lever actuating element.

Use of an electromechanical drive, which acts upon the
adjusting lever actuating element, for actuating the bypass
valve has recently increased. This has the advantage of being
ableto specifically set each intermediate position between the
open position and the closed position of the valve element
relatively precisely. Above all, when the valve element is a
wastegate flap, which performs a pivoting movement
between its open position and its closed position, the afore-
mentioned play between the valve element, i.e., the wastegate
flap, and the valve element support, also allows the wastegate
flap to adapt to the valve seat when the wastegate flap is
immediately before its closed position and is then to lie in a
sealing manner against the valve seat. Ithas been found that in
certain angular positions of the wastegate flap, this play
results in the flow of exhaust gas causing the wastegate flap to
perform oscillatory-like movements, which lead to rattling
and clattering noises when the turbocharger is in operation at
certain engine speeds. These are disadvantageous not only
because of the noise but also because of signs of wear caused
by the clattering.
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Therefore, for a turbocharger of the kind mentioned at the
outset, WO 2010/135104 A proposes using, in the region of
the connection of the valve element (wastegate flap) to the
valve element support, a spring element in the form of a
circular ring-shaped spring steel sheet disc through which the
valve element shaft passes. In this known bypass valve
device, the lever-like valve element support has a hole
through which the shaft of the plate-like valve element
extends, and a disc-like abutment is attached to the free end of
this shaft to secure the valve element to the valve element
support. The circular ring-shaped spring steel sheet disc is of
conical configuration, i.e., it has the shape of a truncated cone
with a circular outer rim and a circular inner rim defining its
opening, between which rims the sheet metal has the shape of
a hollow truncated cone and (in cross section) is overall flat.
In a first embodiment of this known bypass valve device, the
spring steel sheet disc is arranged between the plate-like valve
element and the valve element support, in a second embodi-
ment between the valve element support and the disc-like
abutment attached to the free end of the shaft of the valve
element.

In both embodiments, the spring steel sheet disc is pressed
with one edge of'its outer rim against a flat region of the valve
element support and with one edge of its inner rim either
against a flat region of the plate-like valve element or a flat
region of the disc-like abutment. It has been found that under
the high temperatures (exhaust gas temperatures) prevailing
in the region of the wastegate flap when the engine is operat-
ing, the material of the spring steel sheet disc tends to creep or
flow in the region its outer rim and inner rim and, therefore,
the spring steel sheet disc shows considerable signs of wear in
the course of operation, which negatively affect elimination
of the play in the connection between the plate-like valve
element and the valve element support.

Inthe known bypass valve devices of the kind mentioned at
the outset, owing to manufacturing tolerances and/or to
unavoidable different component temperatures during opera-
tion, play in the connection of the adjusting lever to the
adjusting lever actuating element is also unavoidable with the
result that rattling or clattering noises and signs of wear owing
to the play also occur at this position during engine operation.

The object underlying the invention was to at least mini-
mize or even completely eliminate these disadvantages in a
bypass valve device of the kind defined at the outset, and, to
accomplish this object, it is proposed, in accordance with the
invention, that a substantially ring-shaped spring element be
arranged in at least one of the following positions:

(A) a 1** position in the region of the connection between
the valve element and the valve element support,
wherein a play in the longitudinal direction of the valve
element shaft between the valve element and its support
is at least almost eliminated by the spring element
through which the valve element shaft passes;

(B) a 2" position in the region of the connection between
the adjusting lever and the adjusting lever actuating ele-
ment, wherein a play in the direction of the pivot axis
between the adjusting lever and the adjusting lever actu-
ating element is at least almost eliminated by the spring
element through which this pivot axis passes,

the spring element comprising at least one substantially ring-
shaped spring steel sheet disc with a bead which is resiliently
elastic in the direction of the ring axis and encloses the ring
axis, and, taking into consideration the spring properties of
the spring steel sheet disc, the bead being so configured and
dimensioned that the aforementioned play is at least almost
eliminated also when the turbocharger is in operation.
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In the bypass valve device in accordance with the inven-
tion, the spring element does, in accordance with the inven-
tion, not lie with rim edges of the at least one spring steel sheet
disc against the components of the bypass valve device that
are adjacent to the spring element, as is the case with the
spring element disclosed in WO 2010/135104 A, but rather
the pressing forces acting on the spring element act in accor-
dance with the configuration of the spring element in accor-
dance with the invention at least predominantly or substan-
tially on spring element regions which are spaced in the radial
direction from the radially outer rim and the radially inner rim
of'the spring element: In the case of a full bead, these regions
are the crest and the two feet of the full bead, in the case of a
half bead they are the two ring-shaped transitions from the
half bead to the two ring-shaped regions of the spring steel
sheet disc that are adjacent to the half bead. If the spring
element in accordance with the invention has only a single
spring steel sheet disc, then, in accordance with the invention,
in the case of a full bead, its bead crest and the two bead feet
of the full bead are pressed against the components of the
bypass valve device that are adjacent to the spring element,
whereas in the case of a half bead, its two aforementioned
transitions (which could also be referred to as bead feet) to the
regions of the spring steel sheet disc that are adjacent to the
half bead are pressed against the adjacent components. If the
spring element comprises two spring steel sheet discs adja-
cent to each other, then in the case of full beads, either all bead
crests or all bead feet are pressed against the adjacent com-
ponents, whereas in the case ofhalf' beads, the one “bead feet”
of the two half beads are pressed against the adjacent com-
ponents, and the two other bead feet against each other or
against a ring-shaped inner layer which is arranged between
the two beaded cover sheets of the spring element.

Whereas in the known spring element, the pressed edges of
the outer rim and the inner rim of the spring steel sheet disc are
at least substantially unable to adapt to the adjacent compo-
nents, a resiliently elastic bead has a relatively good adapt-
ability, as it is relatively easy for regions of the bead to
undergo different deformation in its height along its circum-
ference.

If'the valve element is not only movable in the longitudinal
direction of the shaft of the valve element relative to the valve
element support, or if the adjusting lever and the adjusting
lever actuating element are not only movable in the direction
of'the pivot axis of their connection relative to each other, but
if, owing to play, the shaft axis can also be tilted relative to the
valve element support or the pivot axis relative to the adjust-
ing lever and/or the adjusting lever actuating element, then
the spring element in accordance with the invention is pref-
erably so configured that both axial play and play that is
present within the meaning of the aforementioned tilting
movement are at least almost eliminated by the spring ele-
ment.

Finally, the invention is suited not only for a bypass valve
device in which the valve element performs a pivoting move-
ment between its open position and its closed position, but
also for embodiments in which the valve element performs a
straight-line movement between its open position and its
closed position.

The aforementioned DE 10 2009 030 520 A deals exclu-
sively with a sealing element configured as a ring-shaped
spring element, which is arranged between a bearing bush for
a spindle carrying a wastegate flap and an adjusting lever
attached to the spindle in order to prevent exhaust gases from
escaping from the gap between the spindle and its bearing
bush. The spring element consists of one or two ring-shaped
sheet metal discs and forms at least one resilient sealing lip,
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which is installed with axial pretensioning in relation to the
spindle between the one end face of the bearing bush and the
side of the adjusting lever lying opposite to the bearing bush
and lies in a gastight sealing manner against the bearing bush
and the adjusting lever. In the case of a bypass valve device to
which the present invention relates, however, the problem of
gas sealing occurs neither in the region of the connection of
the valve element to a valve element support nor in the region
of the connection between an adjusting lever rotating the
spindle and an adjusting lever actuating element.

Above all, when the spring element in accordance with the
invention is arranged in the aforementioned 1% position, the
spring element is exposed to particularly high temperatures
during operation, and, therefore, for a spring element
mounted in the 1* position, use of a spring steel is recom-
mended, which, also under the temperatures prevailing at this
position during operation of the turbocharger, has sufficient
spring properties for elimination of play, even if these are
lower than the spring properties of the spring steel at room
temperature. Types of spring steel suited for this will be
referred to below, but spring steels made of a nickel-based
alloy are particularly recommended.

Itis particularly advantageous if the bead of the at least one
spring steel sheet disc is configured as a half bead because a
half bead has the advantage over a full bead that, given the
same or similar spring hardness of the bead, greater spring
travel of the spring element (in the direction of its ring axis)
can be achieved with a half bead, and, in addition, a spring
steel sheet disc provided with a half bead lies at least substan-
tially exclusively with flat ring regions of the sheet metal disc
against components adjacent thereto.

Particularly good properties of a spring steel sheet disc in
accordance with the invention provided with at least one half
bead with respect to its axial spring travel and its axial spring
stiffness can be achieved by the half bead being so configured
that the width of the half bead measured in the radial direction
is a (not necessarily integral) multiple of the height of the half
bead measured in the axial direction of the spring element. It
is particularly advantageous if the ratio of the height of the
half bead measured in the direction of the axis of the spring
steel sheet disc to the width of the half bead measured in the
radial direction in relation to this axis is between 1:2 and 1:7,
preferably between 1:4 and 1:6 and, in particular, about 1:5.

If the valve element shaft passes through a hole (with or
without play) provided in the valve element support, and if it
is provided with an abutment at its free end, as is the case in
the bypass valve device disclosed in WO 2010/135104 A, it
has a considerable advantage if a ring-shaped washer, through
which the valve element shaft passes, is provided between
this abutment and the valve element support, and if the spring
element mounted in the 1°* position is arranged between the
abutment, preferably between the washer and the valve ele-
ment support. By keeping washers of different thickness
ready for use and by installing a washer of corresponding
thickness, it is, on the one hand, readily possible to compen-
sate for manufacturing tolerances and, on the other hand, to
determine and set the pretensioning of the spring element
installed in the 1* position, which is particularly advanta-
geous when the free end of the valve element shaft, after
insertion into the hole in the valve element support, and after
the washer has been pushed onto the valve element shafi, is
thickened by a kind of riveting procedure so that it forms the
said abutment and prevents detachment of the valve element
and the washer from the valve element support. Owing to
such an arrangement of the spring element, the closing force
acting upon the valve element need not be transmitted via the
spring element onto the valve element when closing the valve.
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The spring element, therefore, serves only to eliminate play
and cannot become damaged by too high pressing forces.

A spring element mounted in the 2”4 position is advanta-
geously arranged between the adjusting lever and the adjust-
ing lever actuating element because it is then protected from
damage by these two components.

As mentioned above, nickel-based alloys are particularly
well suited, but possibly also cobalt-based alloys, which are
more expensive than these, for the at least one spring steel
sheet disc in accordance with the invention.

To manufacture the at least one spring steel sheet disc, a
corresponding ring-shaped sheet metal disc is first punched
out of'a metal sheet without spring steel properties and given
its final shape (including the at least one bead) by stamping,
and the desired spring steel properties and the desired hard-
ness are then imparted to the sheet metal by heat treatment.

Further advantageous features and details of the bypass
valve device in accordance with the invention are given in the
enclosed subclaims and the appended drawings and the fol-
lowing description of particularly advantageous embodi-
ments of the invention. In the drawings:

FIG. 1 shows a cut-open part of a turbine housing of a
turbocharger with a valve element configured as a wastegate
flap including a valve element support in an isometric repre-
sentation;

FIG. 2 shows the valve element provided with a shaft in a
side view, and, in a sectional representation, a part of'a wall of
the turbine housing with a valve seat for the valve element;

FIG. 3 shows a partly broken-open side view of a group of
components, consisting of the valve element, the valve ele-
ment support, a spindle held rotatably in a bearing bush and
provided with the valve element support, an adjusting lever
attached to the spindle, and an adjusting lever actuating ele-
ment articulatedly connected to the adjusting lever;

FIG. 4 shows a view of the spindle, the valve element
support and the valve element, seen in the direction of arrow
A from FIG. 3;

FIG. 5 shows a view of the parts shown in FIG. 4, seen in
the direction of arrow B from FIG. 4;

FIG. 6 shows a view of the parts shown in FIG. 4, seen in
the direction of arrow C from FIG. 4, but with a region of the
valve element support and a washer shown in sectional rep-
resentation;

FIG. 6 A shows the detail D from FIG. 6 on a larger scale;

FIGS. 7A, 7B and 7C show a first embodiment of a spring
element in accordance with the invention, more specifically, a
plan view, a side view and a section taken along line 7C-7C
from FIG. 7A,;

FIGS. 8A, 8B and 8C show a second embodiment of a
spring element in accordance with the invention, more spe-
cifically, a plan view, a section taken along line 8B-8B and a
section taken along line 8C-8C from FIG. 8A; and

FIGS. 9A, 9B and 9C show a third embodiment of the
spring element in accordance with the invention, more spe-
cifically, a plan view, a side view and a section taken along
line 9C-9C from FIG. 9A.

FIG. 1 shows a part of a turbine housing 10 into which the
exhaust gas flow serving to drive an exhaust gas turbocharger
turbine, not shown, enters through an exhaust gas inlet open-
ing 12. The exhaust gas inlet opening 12 connects with an
exhaust gas inflow path 14 formed in the turbine housing 10.
The exhaust gas inflow path 14 leads to the turbine, and a
valve element 16, in this embodiment configured as a waste-
gate flap, is arranged in the exhaust gas inflow path 14. This
valve element 16 of plate-like configuration, shown only
partly in FIG. 1, can be moved in a manner described below in
the exhaust gas inflow path 14 relative to the turbine housing
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10, to enable an exhaust gas through-opening, not shown in
FIG. 1, which is formed in the wall of the turbine housing 10
to the left of the valve element 16 to be completely closed and
in as gastight a manner as possible—for this purpose a wall
10a of the turbine housing 10 shown in FIG. 2 is provided
with a valve seat 16a which encloses the exhaust gas through-
opening 164, also shown in FIG. 2. As will be clear from the
following, in the embodiment shown, the valve element 16 is
moved in such a way that it is able not only to completely
close, but also to open to a greater or lesser extent or com-
pletely the exhaust gas through-opening 165. By means of the
valve element 16, a bypass path for the exhaust gas flow,
which is formed by a channel, not shown, formed in the
turbine housing 10, can thus be closed or partly or completely
opened in order to conduct the exhaust gas flow entering the
turbine housing 10 completely, partly or not at all via the
exhaust gas turbocharger turbine by the exhaust gas flow
being optionally conducted partly or completely out of the
exhaust gas inflow path 14 by way of the bypass path.

From FIGS. 1 and 2 it can be seen that the plate-like valve
element 16 has a sealing surface 16c¢, in this case, of circular
ring-shaped configuration, which lies in a plane and interacts
with a corresponding sealing surface of the valve seat 16a.
Formed on the plate-like valve element 16 is a shaft 164,
whose axis was designated 16e in FIG. 2, and whose free, in
accordance with FIG. 2, upper end is provided with a thick-
ened head 16f. Between this head and the plate-like valve
element 16, the shaft 164 has an, in accordance with FIG. 2,
upper annular shoulder 16g, and an, in accordance with FIG.
2, lower annular shoulder 16/ is provided at the transition
from the shaft to the valve element 16.

A group of components comprising the valve element, the
parts carrying the latter, and the parts moving the valve ele-
ment between an open position and a closed position will be
described below with reference to FIGS. 3 to 6 and 6A.

Belonging to this group of components is a shaft-like
spindle 20 on which is formed a valve element support 22,
which extends in the manner of an arm transversely away
from the spindle 20 comprising an axis 20a, and over the
major part of its length has a substantially rectangular cross
section and, therefore, two flat sides 22a and 225b. In the
proximity of its free end, the valve element support 22 has an,
in particular, circular, hole 22¢, through which the shaft 164
passes, so that the annular shoulder 16/ provided at the tran-
sition from this shaft to the valve element 16 can be supported
on the side 224 of the valve element support 22.

Arranged between the head 16/ of the shaft 164 and the
valve element support 22 is a washer 24, which has two end
faces 24a and 24b, preferably overall flat and parallel to each
other, the latter of which is supported on the annular shoulder
16g of the shaft 164. In accordance with the invention, the
spacing of the two annular shoulders 16g and 16/ from each
other, the thickness of the region of the valve element support
22 provided with the hole 22¢ and the thickness of the washer
24 are matched so as to obtain between the washer 24 posi-
tioned by the head 16/ against the annular shoulder 16g and
the valve element support 22 lying against the annular shoul-
der 16/ an annular gap in which is arranged a first ring-shaped
spring element 30, through which the shaft 164 passes.

Inthe preferred embodiment shown, the shaft 164 provided
onthe valve element 16 is first passed through the hole 22¢ of
the valve element support 22, whereupon the spring element
30 and the likewise ring-shaped washer 24 are pushed onto
the shaft 164, and the washer is positioned against the annular
shoulder 16g. The free end of the shaft 164, which at first does
not yet have the head 16f, is then deformed by a kind of
riveting procedure so as to produce the thickened head 16f,
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during formation of which the washer 24 is pressed against
the annular shoulder 16g, and by means of which the valve
element 16 is secured on the valve element support 22, and the
spring element 30 and the washer 24 are held on the shaft 164.

Aswillbe clear from FIG. 6, the spring element 30 lies with
its two sides, in accordance with the invention, against flat
surfaces extending perpendicularly to the axis 16e, which, in
the preferred embodiment of the invention, are formed by the
side 22a of the valve element support 22 and the one end face
245b of the washer 24. The design and function of the spring
element 30 will be described below.

As shown in FIG. 3, the spindle 20 is held by a bearing bush
40 and is mounted therein so as to be rotatable about the
spindle axis 20. The bearing bush 40 is secured in a wall 105,
discernible from FIG. 1, of the turbine housing 10. It is,
however, also to be regarded as lying within the scope of the
invention that the spindle 20 is held directly in a correspond-
ingly configured opening of the wall 105 and is mounted so as
to be rotatable about the spindle axis 20a.

Regarding FIG. 1, it must also be pointed out that it shows
an embodiment of the valve element support, which is modi-
fied in comparison with FIG. 4 and was designated 22' in FIG.
1. Furthermore, FIG. 1 shows an alternative configuration of
the free end of the shaft 164 of the valve element 16, for which
reason this free shaft end forming an abutment was desig-
nated 16/ in FIG. 1—differently from the representation in
FIG. 1, this abutment is, in practice, formed by a disc which is
fixedly connected to the actual shaft, for example, by weld-
ing. Finally, mention is made of the fact that FIG. 1 shows an
arrangement of the valve element 16 on the valve element
support 22', which is not in accordance with the invention.

The, in accordance with FIG. 3, upper end of the spindle 20
passes through a hole, not discernible in FIG. 3, of an adjust-
ing lever 42 and is connected to the latter at least in a rota-
tionally fixed manner, but preferably also so as not to be
displaceable in the direction of the spindle axis 20a. The
person skilled in the art is familiar with the means required for
this, which, therefore, need not be explained. Arranged
between the bearing bush 40 (but optionally the wall 106 of
the turbine housing 10) and the adjusting lever 42 is a ring-
shaped second spring element 44 in accordance with the
invention, through the opening of which the spindle 20
passes, and which lies, on the one hand, against the adjusting
lever 42 and, on the other hand, against the, in accordance
with FIG. 3, upper end face of the bearing bush 40, (but
optionally against the wall 105). Those regions of the adjust-
ing lever 42 and of the end face of the bearing bush 40 (or the
wall 105) against which the spring element 44 lies are pref-
erably so configured that they are flat and extend perpendicu-
larly to the spindle axis 20a. The design and function of the
second spring element 44 will also be described below.

An adjusting lever actuating element 46 engages the
adjusting lever 42 which is rotatable together with the spindle
20 about the spindle axis 20a. In the preferred embodiment
shown in FIG. 3, the adjusting lever actuating element 46 is of
arm-like or lever-like configuration, but it could also have a
different shape, as it need only fulfill the function of being
able to pivot the adjusting lever 42 about the spindle axis 20.
The adjusting lever actuating element 46 is articulated on the
adjusting lever 42 in such a way that it can be pivoted relative
to the adjusting lever 42 at least about a pivot axis 48 extend-
ing parallel to the axis 20a of the spindle 20. A ball-and-
socket joint can, for example, be used for the articulated
connection between the adjusting lever 42 and the adjusting
lever actuating element 46. In the preferred embodiment
shown in FIG. 3, this articulated connection is formed by a
joint pin 50 whose axis coincides with the pivot axis 48, and
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which passes through a hole in the adjusting lever 42 and at
least engages in a hole in the adjusting lever actuating element
46. The joint pin 50 can, for example, be attached to the
adjusting lever actuating element 46, in particular, by weld-
ing, whereas the joint pin 50 can be rotated relative to the
adjusting lever 42 about the pivot axis 48. In this case, in order
to secure the adjusting lever actuating element 46 to the
adjusting lever 42, there can be attached to the joint pin 50 a
securing element, which lies against the, in accordance with
FIG. 3, upper side of the adjusting lever 42 and is held on the
joint pin 50 so as not to be displaceable in the axial direction.

Arranged, in accordance with the invention, between the
adjusting lever 42 and the adjusting lever actuating element
46 is a third ring-shaped spring element 52 in accordance with
the invention, through the opening of which the joint pin 50
passes, and which lies, on the one hand, against the adjusting
lever 42 and, on the other hand, against the adjusting lever
actuating element 46. Alternatively, however, a ring-shaped
washer, through which the joint pin 50 passes, could also be
provided between the spring element 52 and the adjusting
lever 42 and/or the adjusting lever actuating element 46. In
each case, it is preferable to so configure those surfaces
against which the spring element 52 lies that these surfaces
are flat and extend perpendicularly to the pivot axis 48.

With reference to FIGS. 7A to 7C, 8A to 8C and 9A to 9C,
three spring elements in accordance with the invention will
now be described, each of which can be used as first spring
element 30, as second spring element 44 and/or as third spring
element 52. However, one of the spring elements shown in
FIGS. 7 and 8 will preferably be used as spring element 30,
and the spring element shown in FIGS. 9A to 9C as spring
element 52. In this connection, it is pointed out that the spring
element 44 must in any case effect a gas sealing, in order that
exhaust gases which may unavoidably penetrate a gap
between the circumference of the spindle 20 and the compo-
nent on which the spindle is mounted, i.e., in particular, the
bearing bush 40, are unable to escape to the outside in the
region of the, in accordance with FIG. 3, upper end of the
bearing bush 40 or the housing wall 105. On the other hand,
the problem of gas sealing does not arise at the installation
position of the spring element 30 or at the installation position
of the spring element 52, and, therefore, these two spring
elements need only be so configured with respect to their
design, their material properties and their dimensions that a
play in the direction of the axis 16e of the shaft 164 of the
valve element 16 or a play in the direction of the pivot axis 48
is at least almost eliminated by these spring elements, more
specifically, also under the operating temperatures of the tur-
bocharger, which, above all, is of particular importance for
the spring element 30.

In view of the above-described installation positions of the
spring elements in accordance with the invention, the refer-
ence numerals 30 and 52 used so far have not been used for the
spring elements in FIGS. 7 to 9, but instead other reference
numerals.

The spring element 60 in accordance with the invention,
shown in FIGS. 7A to 7C, is in its entirety circular ring-
shaped and of mirror-symmetrical configuration in relation to
a center plane indicated in FIG. 7C and designated 60qa. It
consists of two circular ring-shaped spring steel sheet discs 62
and 64 and has a central opening 66 and an axis 68 extending
perpendicularly to the center plane 60a. Each of the two
spring steel sheet discs 62, 64 has a radially outer ring region
70 and a radially inner ring region 72, which are both flat and
extend parallel to the center plane 60a, and each spring steel
sheet disc has a halfbead 74 between these ring regions. In the
preferred embodiment, the two radially outer ring regions 70
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of'the two spring steel sheet discs lie against each other. It is,
however, also conceivable to arrange between these two radi-
ally outer ring regions a flat, circular ring-shaped inner layer,
which also consists of a high-temperature resistant steel
sheet, but differently from the spring steel sheet discs 62, 64
does not have any spring steel properties. In the preferred
embodiment shown, the two half beads 74 face away from
each other in relation to the center plane 60a, so that the spring
element 60, in the installed state, lies with its radially inner
ring regions 72 against surface regions, which, in particular,
are flat, of adjacent components. However, regions of the two
spring steel sheet discs 62, 64, which have recesses and/or are
provided with cutouts along the rim of the opening 68 could
also take the place of the radially inner ring regions 72.
Alternatively, the two components adjacent to the spring ele-
ment 60 could have supporting regions for the spring element,
which do not form continuously flat surfaces around the open-
ing 68, but have, for example, depressions between flat sur-
face regions, as it is only a question of the spring element
being installed radially within its half beads 74 in a resiliently
pretensioned manner in the direction of its central axis 68
between the adjacent components.

In accordance with the invention, the spring element 60 can
also be modified so that the radially inner ring regions 72 of
the two spring steel sheet discs 62, 64 lie against each other or
against aring-shaped inner layer, and that the half beads of the
two spring steel sheet discs form a radially outwardly opening
gap between them, so that the two spring steel sheet discs lie
with their radially outer ring regions 70 resiliently against the
adjacent components—in this case, the same then applies for
the radially outer ring regions 70 and the two adjacent com-
ponents as for the embodiment shown in FIGS. 7A to 7C.

It should also be mentioned that the two spring steel sheet
discs 62, 64 and the optionally provided inner layer are fix-
edly connected to one another, in particular, by spot welding
or a circumferential laser-welded seam which is closed within
itself.

The spring element 80 in accordance with the invention
shown in FIGS. 8 A to 8C consists only of a single spring steel
sheet disc with a central opening 84 and, adjacent to the latter,
a half bead 82 which surrounds the opening 84 preferably in
closed configuration, but may also be interrupted in the cir-
cumferential direction, for example, owing to openings
punched out of the sheet metal disc or because only segments
of the bead 82, which are spaced from one another in the
circumferential direction, were stamped in the sheet metal
disc. Advantageously, the half bead 82 is adjoined radially
outwardly by a flat ring region, extending perpendicularly to
the axis of the opening 84, for the sheet metal disc to lie with
surface-to-surface contact against an adjacent component, it
being possible for the radially outer rim of this ring region to
form the outer circumference of the sheet metal disc. Particu-
larly recommended is, however, the cross-sectional shape of
the sheet metal disc, shown in the drawings, in which the said
ring region is adjoined by a further ring region, inclined in
relation to the axis of the opening 84, i.e., conical ring region,
which differently from shown in the drawings, can continue
into a third, radially outer and flat ring region of the sheet
metal disc, which extends perpendicularly to the axis of the
opening 84 and with which the sheet metal disc can lie with
surface-to-surface contact against another adjacent compo-
nent.

As shown in FIGS. 8A and 8B, the spring element 80 is
provided at its outer circumference with projecting sheet
metal noses 86, which project downwards beyond the plane
defined by the opening 84, i.e., in the direction opposite to the
direction in which the half bead 82 projects. In accordance
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with the invention, the spring element 80 has at least three
sheet metal noses 86 which are spaced from one another in the
circumferential direction of the spring element and with
which the spring element is centered on an adjacent compo-
nent, as is shown in FIG. 6 for the spring element 30, in order
to center the latter in relation to the washer 24 and, therefore,
in relation to the axis 16e.

Finally, FIGS. 9A to 9C show a further spring element 90
in accordance with the invention, which also consists only of
a single spring steel sheet disc, which may be identical to one
of'the spring steel sheet discs 62 and 64 of the embodiment in
accordance with FIGS. 7A to 7C, if the spring hardness of the
half bead 92 of the spring element 90 is disregarded—the
stiffness of the half bead 92 is preferably greater than the
stiffness of the half bead 74 of one of the spring steel sheet
discs 62 and 64, in order to at least almost eliminate, and just
as effectively, an axial play, as is the case when the spring
element 60 is used. A greater stiftness of the half bead can be
achieved by corresponding design and/or dimensioning of the
half bead and/or of the thickness of the spring steel sheet
and/or by use of a corresponding spring steel. In this connec-
tion, it should be noted that the stiffness of a bead depends on
the bead width, but, in the case of a half bead, also on the angle
of inclination of the bead region extending at an incline.

Sheets made of the following steel alloys are especially
recommended for the manufacture of a spring steel sheet disc
in accordance with the invention:

NiCo20Cr20MoTi (2.4650), alloy DIN 17744/17750 in

accordance with DIN 59746/DIN EN ISO 9445

Alloy 625 (2.4856), DIN EN 10095

Waspaloy (2.4654)

NiCr19Fe19Nb5Mo3 (2.4668) in accordance with DIN

59746/DIN EN ISO 9445.

The first aforementioned alloy is recommended, above all,
for a spring element in accordance with the invention, which
is installed in the same position as the spring element 30, and
the last alloy is recommended especially for a spring element
in accordance with the invention, which is installed in the
same position as the spring element 52. Alloy 625 and
Waspaloy are, in turn, recommended for spring elements,
which are installed in the same position as the spring element
30.

In the bypass valve device in accordance with the inven-
tion, a spring element in accordance with the invention serves
to eliminate play and not to seal off gas, above all, not to seal
off gas between two components rotatable relative to each
other. Therefore, embodiments of the spring element in accor-
dance with the invention are preferred, in which the at least
one spring steel sheet disc and/or the at least one bead of the
spring element have a greater spring hardness than the at least
one resilient sealing lip of the sealing element disclosed in DE
10 2009 030 520 A or the spring clement 44 shown in the
enclosed FIG. 3.

For the spring element in accordance with the invention to
be arranged in accordance with the invention in the 1% posi-
tion and/or in the 2" position, it is, therefore, recommended
that it be so configured that it generates, in the installed state,
the following pressing or spring forces between the spring
element and the components adjacent thereto, and, in particu-
lar, in the cold state, i.e., not when the turbocharger is in
operation.

For a single-layer or multilayer spring element in accor-
dance with the invention to be installed in the position of the
spring element 30, a force range of between 150 and 300 N, in
particular, between 170 and 320 N, is recommended, whereas
a lower force range, namely a force range of 50 to 150 N, is
recommended for a spring element to be installed in the same
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position as the spring element 44, as higher wear is otherwise
to be expected due to relative rotational movements at this
installation position.

The invention claimed is:

1. Turbocharger for a reciprocating-piston internal com-
bustion engine, comprising an exhaust gas bypass path for
controlling the size of the volumetric flow of engine exhaust
gas acting upon a turbine of the turbocharger, wherein the
bypass path is provided with a bypass valve device for con-
trolling the size of the volumetric flow of exhaust gas con-
ducted through the bypass path, the bypass valve device com-
prising

aplate-like valve element which has a sealing surface lying

in a plane and a shaft extending away from the sealing
surface, and which is movable between an open position
and a closed position,

avalve seat for the valve element, the valve seat enclosing

an exhaust gas through-opening and interacting with the
valve element sealing surface, and

a valve element support to which the valve element is

connected by means of said shaft so as to be movable at

least in the direction perpendicular to the valve element

seat,

wherein a spring element is arranged in a region wherein
the valve element and the valve element support are
connected,

wherein a play in the longitudinal direction of the valve
element shaft between the valve element and the valve
element support eliminated by the spring element
through which the valve element shaft passes when
the turbocharger is in operation,

wherein the spring element is a spring steel sheet disc
defining an axis and including one half bead stamped
into said spring steel sheet disc, said one half bead
lying between a radially outer and a radially innerring
region of the spring steel sheet disc, enclosing the axis
and being resiliently elastic ina direction of the axis of
the spring steel sheet disc,
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wherein the radially outer and the radially inner ring
regions flat when the turbocharger is in operation each
lie in a plane perpendicular to the axis of the spring
steel sheet disc are offset in relation to each other in
the direction of the axis of the spring steel sheet disc
and connected to one another by a ring region enclos-
ing the axis of the spring steel sheet disc and in which
the spring steel sheet is inclined relative to said plane
and the axis of the spring steel sheet disc,

and wherein, a configuration and dimension of the one
half bead is to eliminate the play when the turbo-
charger is in operation.

2. Turbocharger in accordance with claim 1, wherein the
spring steel used for the spring steel sheet disc consists of a
nickel-based alloy.

3. Turbocharger in accordance with claim 1, wherein the
width of the one half bead, measured in the radial direction, is
a multiple of the height of the one half bead, measured in the
axial direction of the spring element.

4. Turbocharger in accordance with claim 1, wherein the
valve element shaft passes through a hole provided in the
valve element support and is provided with an abutment at a
free end of the valve element shaft, a ring-shaped washer,
through which the valve element shaft passes, being provided
between the abutment and the valve element support, and
wherein the spring element is arranged between the washer
and the valve element support.

5. Turbocharger in accordance with claim 1, wherein the
spring element is ring shaped.

6. Turbocharger in accordance with claim 5, wherein the
spring element includes a nose.

7. Turbocharger in accordance with claim 5, wherein the
spring element includes a plurality of noses.

8. Turbocharger in accordance with claim 5, wherein the
spring element includes at least three noses.

#* #* #* #* #*
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